ince the decline of rheumatic fever, Kawasaki disease (KD) has become the primary cause of acquired heart disease. Although the majority of patients recover without any apparent long-term sequelae, approximately 1% of children with a history of KD develop lifethreatening coronary artery abnormalities. [1] [2] [3] Among those patients with a history of KD who have not been prospectively followed up, there have been cases of ischemic heart disease in adolescent and young adults that have occurred years after the onset of acute KD. 4 In the majority of these cases, symptoms or cardiac events were precipitated by exercise. Therefore, those patients with known complications with KD should have periodic stress testing to rule out stress-induced ischemia and myocardial dysfunction. Dipyridamole stress thallium-201 ( 201 Tl) myocardial imaging has emerged as an accurate and effective non-invasive method for assessing coronary artery stenosis and myocardial ischemia in KD patients. [5] [6] [7] [8] However, recent 201 Tl myocardial imaging studies have shown the presence of reversible perfusion abnormalities in patients with KD but with normal epicardial coronary arteries, presumably as a result of microvascular disease caused by vasculitis. 9, 10 Although clinical progression of the coronary arterial lesion has been well described, there are few reports of left ventricular performance in patients with KD. 11-13 Myocar-
ditis is a well-recognized component of KD, with left ventricular dysfunction occurring in 50-70% of patients during the acute stage. The prognostic value of radionuclide angiographic measures of left ventricular function at rest and during exercise is well established in adults; 14, 15 however, KD primarily affects children under 5 years of age, a majority of whom are unable to participate in adequate and sufficient exercise testing. 13, 16 Pharmacological stress intervention, such as with dobutamine (DOB), is useful for detecting regional and global myocardial dysfunction in conjunction with echocardiography, and might be a more readily standardized method than exercise testing. 17, 18 Furthermore, radionuclide ventriculography (RVG) might be superior to echocardiography for the assessment of asynchronous relaxation, which is an important factor affecting early diastolic filling of the left ventricle [19] [20] [21] and is thought to be magnified after DOB stress.
Thus, we have proposed DOB stress RVG as an alternative to exercise testing, and have assessed its clinical usefulness for evaluating left ventricular performance in patients with KD. We have also analyzed risk factors that have an effect on the later myocardial dysfunction in patients who show varying degrees of coronary arterial lesions.
Methods

Patient Population
The study population consisted of 40 patients (26 boys and 14 girls; aged from 13 months to 18 years; mean, 6.6±3.8 years) with a history of KD, who underwent DOB stress RVG between April 1993 and August 1998. As we were unable to obtain satisfactory DOB stress RVG readings from 2 patients, who were younger than 12 months of Circ J 2002; 66: 63 -69 (Received February 1, 2001 ; revised manuscript received September 20, 2001 ; accepted October 9, 2001 age, they were excluded from the study. Sufficient exercise testing was not available in 10 patients (25%) aged younger than 5 years of age; hence, echocardiography was used to identify coronary artery lesions at the acute stage in these patients. 22 According to the presence of coronary artery lesions at the acute stage and the findings on current 201 Tl myocardial imaging, patients were divided into 3 groups: (1) 12 patients with coronary artery lesions and perfusion defects on 201 Tl myocardial imaging (PD group), (2) 14 patients with coronary artery lesions but with no perfusion defects (NPD group), and (3) 14 control patients without coronary artery lesions (C group). Three patients with stenotic lesions were examined twice over a 2-4 year period. Selective coronary angiography, 201 Tl myocardial imaging, and DOB stress RVG were performed within 1 month for each subject. Any drug with the potential to vasodilate was discontinued at least 2 days prior to the study. All medications were withheld the morning of the study. Parental informed consent was obtained for each subject before they were enrolled in the study.
Coronary Angiography
The presence of coronary arterial lesions was confirmed in all patients in the NPD and PD groups by selective coronary angiography. The patients' ages at initial coronary angiography ranged from 6 months to 6.9 years (mean, 2 years 5 months), and the period between the first coronary angiography and the present study ranged from 1-15 years (mean, 7 years 1 month). The first coronary angiography was performed 1-4 months (mean, 2.4 months) after the onset of acute KD. A 5F or 6F pediatric Judkins catheter (Cook Co) was advanced percutaneously via the femoral artery to the ostium of the right or left coronary artery. Selective coronary angiography was performed with a manual injection of iohexol in the right anterior oblique 30°a nd left anterior oblique 60°projections using a cineangiography system with digital cardiac imaging (OM200 Cine DCI biplane; Phillips, The Netherlands). Coronary angiographic findings were defined according to the Guidelines for Coronary Lesions in Kawasaki Disease reported by the Research Committee on Kawasaki Disease. 22 In the present study, stenosis of the coronary artery was defined as a narrowing ≥50% of the nearest normal coronary artery diameter.
Dipyridamole Stress 201 Tl Myocardial Imaging
Dipyridamole (0.6 mg/kg) was infused intravenously for 4 min. Immediately after the infusion of dipyridamole, 201 Tl chloride (1-1.5 MBq/kg) was injected. Ten minutes later, myocardial single-photon emission computed tomography was performed using the 360°data acquisition method with a rotating 3-head gamma camera equipped with a highresolution collimator and a nuclear computer system (GCA-9300A; Toshiba, Nasu, Japan). Using a 128×128 matrix, a set of 60 projection images was generated with a 68 step. Hardware allowing zooming from 1.25 to 1.5 was used to obtain magnified projection images as large as the whole chest so as to avoid a truncation error. After reconstruction of the short, vertical long, and horizontal long axial multiple tomographic images encompassing the entire heart, 3-dimensional radiotracer distribution in the heart was displayed on bulls-eye maps. Diagnosis of the perfusion defect was made visually as well as quantitatively on the bulls-eye maps. According to previous studies of healthy children, a perfusion defect is defined as a relative percent uptake of <80% of the maximum uptake in normally perfused areas. 6, 7 Delayed myocardial images were obtained 2-3 h after initial scanning to evaluate redistribution in areas with a perfusion defect. Patchy distribution of the radiotracer on the ventricular wall was also evaluated. Younger patients were premedicated orally with triclofos sodium (80 mg/kg) to avoid motion artifact.
Radionuclide Ventriculography
High temporal resolution gated RVG was performed using red blood cells labeled in vivo with 10-15 MBq/kg of technetium-99m pertechnetate. All studies were performed in the left anterior oblique (30-40°) projection to obtain sufficient separation of the right and left ventricles. Scintigraphic data were collected with a standard 3-head gamma camera (GCA-9300A) equipped with a high-resolution Calculation of systolic and diastolic indices from the radionuclide ventriculography time-activity curve. Ced, end-diastolic counts; Ces, end-systolic counts; Cd, diastolic counts at the end of the first third of diastole; Tes, time to end-systole; Td, time interval of the first third diastolic phase; LVEF, the left ventricular ejection fraction; 1/3FF, the first third filling fraction; 1/3FRm, the mean first third filling rate; PFR, peak filling rate. parallel-hole collimator, and stored in 24 frames/RR interval in a 64×64 matrix. The left ventricle was divided into 6 segments: anterior, anterolateral, lateral, inferior, inferoposterior, and anteroseptal. Global left ventricular ejection fractions were calculated from the background-corrected counts versus the time curve using a commercially available, operation-interactive program (Toshiba).
DOB Stress
Baseline hemodynamics, electrocardiogram, echocardiographic, and RVG data were obtained at rest and after DOB stress. Under continuous electrocardiographic monitoring, DOB was infused in incremental doses of 5 g·kg -1 ·min -1 every 5 min, upto 15 g·kg -1 ·min -1 . On M-mode echocardiograms, end-diastolic and end-systolic dimensions and the left ventricular ejection fraction were calculated at the papillary muscle level using the Pombo method. As an index of ventricular diastolic function, the early transmitral flow velocity (E) to atrial flow velocity (A) ratio (E:A) was calculated using Doppler echocardiography (Aloka 2200; Aloka, Tokyo, Japan). 23 
RVG Indices
Left ventricular systolic and diastolic indices were obtained from the left ventricular volume curve at rest and after DOB stress, as shown in Fig 1. Left ventricular ejection fraction was calculated as the systolic phase index. Peak filling rate, the first third filling fraction and the mean first third filling rate were calculated as diastolic phase indices (Fig 1) .
To assess asynchronous relaxation of the left ventricle, we observed the phase difference of the volume curves in each of the 6 segmental areas. The standard deviation of time to end-systole by RR interval in the 6 segmental areas was calculated and defined as the asynchrony index (Fig 2) . Dobutamine stress RVG, coronary angiography, and 201 Tl myocardial imaging findings were analyzed by 3 independent observers (YH, FI, and MS, respectively) who had no knowledge of the clinical data or results of the other imaging studies.
Statistical Analysis
Results are summarized as mean ± SEM. Where appropriate, statistical analyses were performed using Student's paired t-test to assess the significance of differences between the mean values at rest and after DOB stress in each group. Analysis of the differences between groups of patients was accomplished using ANOVA followed by Dunnett's multiple comparisons. Logistic regression analysis was done to evaluate the risk factors for myocardial diastolic dysfunction. Differences were considered significant when p<0.05.
Results
Patient Characteristics
Baseline characteristics of the study groups are listed in Table 1 . There were no significant differences between the 3 groups in terms of: (1) patient age at onset, (2) age at which the study was performed, (3) the duration of follow up, or (5) in the administration of intravenous -globulin. Fever during the acute stage persisted significantly longer in the PD group compared with the C group (p<0.05). Mean maximum diameters of the coronary arteries at the acute stage, as defined by echocardiography, were significantly larger in the PD group than in the NPD group (p<0.001 in the right coronary artery; p<0.005 in the left coronary artery; Table 1 ). None of the patients showed any clinical evidence of heart failure, myocardial ischemia, or myocardial dysfunction. All patients were asymptomatic and experienced no ischemic changes during exercise, as detected by electrocardiography. None of the patients in the C group received medication during the convalescent stage, although 3 patients in the NPD group and all patients in the PD group continued to receive aspirin during the study. Three patients in the PD group were receiving a Ca antagonist also, and 2 patients were receiving dipyridamole.
Coronary Angiography
In the NPD group, on the first coronary angiography, 7 patients had a left coronary artery aneurysm, one had a right coronary artery aneurysm, while the remaining 6 patients had multiple aneurysms in both the right and left coronary arteries. On the most recent coronary angiography, coronary artery aneurysms had persisted in 7 patients in this group but had regressed in 7 patients. None of the patients demonstrated stenotic lesions on serial coronary angiography nor perfusion defects on 201 Tl myocardial imaging.
In the PD group, all patients showed multiple aneurysms on the first coronary angiography, while 6 patients showed stenotic lesions. On the most current coronary angiography, the aneurysms had resolved in 6 patients but stenotic lesions had developed in 6 patients. Although, overall, no obvious abnormality was demonstrated on the most current coronary angiography in 5 of the 14 patients, mild dilation and/or irregularity of the coronary arterial wall still existed in all of these patients ( Table 2) .
Dipyridamole Stress 201 Tl Myocardial Imaging
Perfusion defects on 201 Tl myocardial imaging corresponded to the stenotic vascular territories in patients in whom stenotic lesions were found on coronary angiography, and redistribution of the radiotracer was observed in all of these patients (Table 2 ). In the majority of patients who had no stenotic lesions, a perfusion defect was identified in the anterior or inferior wall of the left ventricle, which was permanent in 3 patients (patients 2, 3, and 4). Moreover, diffuse patchy distribution of 201 Tl, which was consistent with diffuse myocardial damage to the left ventricular wall, was observed in 11 studies of 9 patients (Fig 3) . In all 5 patients, who had no obvious coronary arterial lesions on the most current coronary angiography, an abnormality on 201 Tl myocardial imaging still existed (Table 2) .
DOB Stress RVG
Sufficient increases in heart rate and systolic blood pressure were obtained in all groups after DOB stress (mean overall increase, 31% and 47%, respectively). There were no significant differences in heart rate or in systolic and diastolic blood pressures between the 3 groups at rest or after DOB stress ( Table 3) . The systolic and diastolic indices were similar in the 3 groups at rest (Table 3) . Although left ventricular ejection fraction values increased markedly in all 3 groups after DOB stress (mean increase, 18%, 24%, and 30%, respectively), there were no significant differences in the mean increases (Table 3) . Peak filling rate also increased similarly in all 3 groups after DOB stress. By contrast, among the early diastolic filling indices, the first third filling fraction decreased only in the PD group (mean, 38.8±23.1%; p< 0.01). After DOB stress, the first third filling fraction was significantly lower in the PD group compared with the C group (p<0.01; Table 3 ). Although the asynchrony index was similar between the 3 groups when at rest, the index increased significantly only in the PD group after DOB stress (p<0.05; Table 3 ).
There were no differences in the echocardiographic systolic and diastolic indices between the 3 groups when at rest. Although the left ventricular ejection fraction, the early transmitral flow velocity (E wave), and atrial flow velocity (A wave) increased significantly in all groups after DOB stress, the E:A ratio did not change (Table 3 ). The end-systolic dimension index decreased significantly and similarly in all groups (p<0.01).
Individual changes in the early diastolic filling indices after DOB stress in the PD group are shown in Fig 4. Irrespective of the presence of stenotic lesions, the mean values of the first third filling fraction were similar in the PD group when at rest (Fig 4) . After DOB stress, the first third filling fraction decreased significantly in patients with and without stenotic lesions (p<0.01 and p<0.05, respectively). Although the asynchrony index in those patients without stenosis did not change after DOB stress, the index increased significantly (p<0.05) in those patients with stenosis (Fig 4) .
During DOB stress, 1 patient complained of chest pain and another complained of palpitations. No one was terminated from the study because of serious side-effects.
Factors Affecting Myocardial Dysfunction
Logistic regression analysis was performed to evaluate the significance of 7 risk factors for myocardial dysfunction in addition to the presence of perfusion defects as detected by 201 Tl myocardial imaging. These risk factors included: (1) sex, (2) age <2 years at onset, (3) fever for more than 8 days, (4) administration of intravenous -globulin, (5) follow up of <6 years, (6) the presence of a giant aneurysm at the acute stage, and (7) the presence of stenosis on the most current coronary angiography. During the present study, myocardial dysfunction was defined as when the first third filling fraction was <25% after DOB stress. In addition to the presence of perfusion defects on 201 Tl myocardial imaging, fever for more than 8 days and the presence of a giant aneurysm at the acute stage were seen as statisti- 
Echo indices cally significant factors. The remaining factors were not statistically relevant (Table 4) .
Discussion
The present study shows that DOB stress RVG successfully demonstrates impaired early diastolic filling of the left ventricle in KD patients with myocardial ischemia and that this technique is more sensitive than DOB stress echocardiography. In the present series, early diastolic filling indices were more sensitive than either the systolic index or other diastolic RVG indices in detecting impaired left ventricular performance in patients with KD. Several diastolic indices have been described, 2 of them being peak filling rate and time to peak filling rate. Both of these indices, however, are strongly affected by heart rate and are unreliable when assessing diastolic function during exercise because of the high heart rate. 21 Therefore, we selected the first third filling fraction and the first third filling rate as parameters for early diastolic filling, which might be affected to a lesser extent by a high heart rate during exercise.
DOB is more effective in inducing regional myocardial dysfunction compared with dipyridamole, whereas dipyridamole induces greater blood flow heterogeneity than DOB for similar coronary artery lesions. Therefore, we performed dipyridamole stress 201 Tl myocardial imaging to evaluate ischemia and DOB stress RVG for assessing myocardial dysfunction. The dose of DOB used sufficiently augmented both contractility and heart rate, resulting in an increase in myocardial oxygen demand and successfully revealing asynchronous relaxation of the ventricle and silent myocardial dysfunction in the present study. It has been reported previously that DOB hastens the onset of left ventricular relaxation by -adrenergic stimulation and by mediators such as nitric oxide released from the coronary endothelium. 24 This effect of DOB was advantageous for examining asynchronous relaxation of the left ventricle in those patients with coronary artery lesions.
It has been demonstrated both experimentally and clinically that increased afterload, passive elastic recoil of the myocardium, subcellular myocardial deactivation, and asynchronous relaxation affect early diastolic filling of the left ventricle. [19] [20] [21] Of these factors, increased afterload was not predominant in the present study because blood pressure was similar in the 3 groups both at rest and after DOB stress. Although no data such as negative dP/dt was available in the present study, elastic recoil did not seem to be dominant because end-systolic volume of the left ventricle was similar in the 3 groups both at rest and after DOB stress. It is likely that the most important factor affecting early diastolic filling in those patients with coronary stenosis ias asynchronous relaxation, as shown by a previous study of coronary disease in adults. 19 In the present study, DOB stress RVG might have successfully revealed subtle asynchronous relaxation of the left ventricle in those patients with coronary stenosis.
Findings of the present study have confirmed previous reports indicating that the presence of a giant aneurysm is a risk factor for later cardiac events in KD. 1, 2 The present study's finding that the presence of coronary stenosis is not a significant risk factor for myocardial dysfunction was unexpected. It is noteworthy that irrespective of the presence of stenotic lesions, patients in the PD group showed impaired early diastolic filling of the ventricle, presumably as a result of diffuse myocardial damage or microvascular disease. The present study found that a fever of more than 8 days and the presence of a giant aneurysm in the acute stage are predominant risk factors for myocardial dysfunction and might also relate to the severity of myocarditis as well as vasculitis. Most patients in the PD group showed a patchy radiotracer distribution in the ventricle in addition to a perfusion defect, which is consistent with diffuse myocardial damage or microvascular disease caused by myocarditis and vasculitis in the acute stage of KD. Several reports have suggested a chronic phase to the myocarditis of KD; endomyocardial biopsies showing inflammation and scarring have been obtained years after resolution of the acute illness. 25, 26 It is feasible to consider that myocardial ischemia enhanced by DOB stress induces a change in the myocardial deactivation process, and results in disturbed myocardial relaxation and impaired early diastolic filling of the ventricle in those patients with diffuse myocardial damage or microvascular disease. Thus, in addition to the asynchronous relaxation of the ventricle, prolonged severe inflammation of the myocardium might have an additional impact on the later myocardial dysfunction in patients in the PD group.
Although the clinical progression of coronary artery lesions has been well described, long-term follow-up evaluation of left ventricular performance has not been reported in patients with KD because it is difficult to conduct adequate exercise testing on young children, the patient group primarily affected. In the present study, DOB stress RVG was successfully and safely performed in patients aged 13 months to 18 years old and was found to be a standard method for serial evaluation of left ventricular function throughout childhood. However, in 2 patients under 12 months of age, we could not get satisfactory DOB stress RVG, suggesting that the age of 12 months is the cut-off age limit for evaluating left ventricular function using DOB stress RVG.
In conclusion, DOB stress RVG is a safe and promising alternative method to exercise testing as a means for evaluating silent myocardial dysfunction and asynchronous relaxation of the left ventricle with adequate temporal resolution in patients with KD. Even late after onset, patients with myocardial ischemia due to KD still have impaired early diastolic filling of the left ventricle. The prognostic importance of subclinical myocardial dysfunction as detected by DOB stress RVG is still uncertain. Even with severe coronary stenosis or myocardial infarction, such patients are sometimes asymptomatic during long-term follow up after KD. Therefore, intense long-term monitoring of myocardial function in children with ischemia is warranted.
